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Comparative diagnostic and predictive utilities of N-Terminal Pro-B-Type natriuretic peptide and copeptin in assessing heart failure and systolic dysfunction severity
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Abstract
Objective: To evaluate and compare the diagnostic and predictive capacities of N-terminal pro-B-type natriuretic peptide (NT proBNP) and copeptin in heart failure (HF), and to determine their respective associations with the severity of systolic dysfunction.
Methods: A case-control study enrolled 60 patients with diagnosed HF and 60 healthy controls. Serum NT proBNP and copeptin were quantified using enzyme-linked immunosorbent assays. Diagnostic performance was assessed by receiver operating characteristic (ROC) curve analysis. Binary and ordinal logistic regression models identified independent predictors of HF and its severity.
Results: Both biomarkers showed good diagnostic accuracy. NT proBNP yielded an area under the curve (AUC) of 0.87 (specificity 99.0%, sensitivity 64.0%), while copeptin produced an AUC of 0.84 (sensitivity 81.9%, specificity 74.0%). Binary logistic regression confirmed both markers as significant independent predictors of HF (NT proBNP: odds ratio [OR] 3.23, p=0.007; copeptin: OR 2.33, p=0.001). Ordinal logistic regression revealed that only NT proBNP maintained a statistically significant association with the severity of systolic dysfunction (OR 2.12, p=0.001), whereas copeptin did not (OR 0.99, p=0.87).
Conclusions: NT proBNP and copeptin provide complementary diagnostic information. NT proBNP correlates strongly with cardiac dysfunction severity, whereas copeptin offers enhanced sensitivity to neurohormonal stress. A multimarker strategy may optimise clinical evaluation in HF.
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Plain English Summary
Heart failure is a serious condition where the heart cannot pump blood effectively around the body. Doctors often use blood tests to help diagnose heart failure and assess how severe it is. This study compared two blood markers: NT‑proBNP (a well‑established test that reflects heart muscle stretching) and copeptin (a newer marker that reflects stress hormone activation). The researchers measured both markers in 60 patients with heart failure and 60 healthy people. They found that both markers could distinguish between those with and without heart failure, but they worked slightly differently. NT‑proBNP was better at confirming heart failure and at identifying patients with more severe heart damage. Copeptin was more sensitive at detecting possible cases of heart failure, even when NT‑proBNP was not very high. These results suggest that using both markers together may give doctors a more complete picture than using either one alone, helping to improve diagnosis and treatment decisions for patients with suspected heart failure.

[bookmark: _Hlk144824038][bookmark: _Hlk157341737][bookmark: _Hlk193443673][bookmark: _Hlk199939334][bookmark: _Hlk220401145]Zidan et. al., Babcock Univ. Med. J.2026 9(S1):1-10                                           [image: Preview of the currently selected image.]
https://doi.org/10.38029/babcockuniv.med.j..v9iS1.1570                                            eISSN: 2756-4657

Zidan et. al., Babcock Univ. Med. J.2026 9(S1):1-10


Correspondence:
Zidan Moutaz A
Department of Biochemistry, College of Medicine
University of Babylon, Hilla
Babylon Governorate, Iraq
motazmasoody718@gmail.com

© BUMJ. 2026 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
2

Introduction
Heart failure (HF) remains one of the most pressing global health challenges of the 21st century. According to the Global Burden of Disease Study 2021, approximately 55.5 million people worldwide were affected by HF, a dramatic increase from 25.4 million in 1990, representing a 118% rise over three decades (1). The predominant risk factors driving the global HF epidemic include ischaemic heart disease, hypertensive heart disease, obesity, diabetes mellitus, and valvular heart disorders, with ischaemic heart disease alone accounting for the largest share of HF‑attributable burden worldwide (2, 3).
The complex pathophysiology of HF involves the activation of multiple neurohormonal compensatory systems, including the renin‑angiotensin‑aldosterone system (RAAS), the sympathetic nervous system, the natriuretic peptide system, and the arginine vasopressin (AVP) axis (4). This neurohormonal activation, while initially compensatory, becomes maladaptive over time and drives disease progression through myocardial remodelling, volume overload, and end‑organ damage. The identification and quantification of biomarkers that reflect these distinct pathophysiological pathways has therefore become central to contemporary HF management, enabling earlier diagnosis, more accurate risk stratification, and potentially guiding therapeutic interventions (5).
Among circulating biomarkers, B-type natriuretic peptide (BNP) and its amino-terminal fragment, N-terminal proBNP, are the most extensively validated and widely used in clinical practice (6). NT‑proBNP is released by cardiomyocytes in response to myocardial wall stress from pressure or volume overload. As an inactive prohormone with a longer half‑life than BNP (approximately 120 minutes versus approximately 20 minutes), NT‑proBNP offers favourable stability for clinical measurement (7). Its utility in HF diagnosis is firmly established: low circulating levels carry a high negative predictive value for ruling out HF, while elevated concentrations correlate with disease severity, functional class, and adverse outcomes, including mortality and hospitalisation (7). Nonetheless, natriuretic peptide levels are influenced by several confounding factors, including renal dysfunction, obesity, atrial fibrillation, and age, which can limit their diagnostic accuracy in specific patient populations (8).
Given these limitations, there has been growing interest in complementary biomarkers that reflect different pathophysiological axes of HF (9). Copeptin is the C‑terminal fragment of pre‑provasopressin (the precursor to arginine vasopressin/antidiuretic hormone). It is released in equimolar amounts with vasopressin but is far more stable in plasma, making it a practical surrogate for vasopressin system activation (10). In HF, the AVP system is chronically and pathologically activated due to diminished cardiac output, arterial underfilling, and non‑osmotic stimulation of AVP release. This excessive AVP activity contributes to fluid retention, vasoconstriction, and adverse cardiac remodelling — mechanisms that are distinct from and complementary to the wall‑stress pathways reflected by natriuretic peptides (11). Accumulating evidence supports the prognostic value of copeptin in HF. Elevated copeptin levels have been consistently associated with increased all‑cause mortality, cardiovascular death, and HF‑related rehospitalisation in both acute and chronic HF settings (12).
Although NT-proBNP is established in HF guidelines as a cornerstone biomarker for diagnosis, and copeptin has emerged as a surrogate of vasopressin-driven stress activation, most previous studies have evaluated these markers separately or have focused primarily on either diagnostic or prognostic performance. Moreover, limited evidence exists regarding their independent predictive value within the same patient population using combined ROC and regression-based approaches, particularly with respect to disease severity (13, 14). Therefore, the relative diagnostic and predictive value of NT‑proBNP and copeptin remains insufficiently defined. The present study aimed to evaluate and compare the diagnostic and predictive capacities of these two biomarkers in HF and to determine their respective associations with the severity of systolic dysfunction.

Materials and Methods
Study design and participants
A case‑control study was carried out at Marjan Teaching Hospital and Shaheed Al‑Mihrab Centre for Cardiac Disease in Hilla City, Babylon Governorate, Iraq. Participants were enrolled between November 2025 and March 2026. The study population consisted of two groups: a patient group comprising 60 individuals diagnosed with HF according to clinical history, physical examination, electrocardiography (ECG), and echocardiography, and a control group comprising 60 apparently healthy individuals with no history of cardiovascular disease. The age of the patients ranged from 40 to 80 years (mean 66.9 ± 10.3 years), while the control group had an age range of 30 to 80 years (mean 61.1 ± 9.0 years).
Inclusion criteria for the patient group were: a diagnosis of HF based on the above investigations, and age between 40 and 80 years. Exclusion criteria for all participants included chronic kidney disease, chronic liver disease, active cancer, severe pulmonary conditions, coronary heart disease, and acute myocardial infarction. The exclusion of patients with coronary heart disease was intended to avoid confounding from active ischaemia, though we acknowledge this limits generalisability to the broader HF population in whom ischaemic aetiology predominates.

Echocardiographic assessment
Transthoracic echocardiography was performed on all patients using a standard protocol. Left ventricular ejection fraction (LVEF) was measured using the biplane Simpson’s method. Systolic dysfunction severity was categorised as mild (LVEF 45–54%), moderate (LVEF 30–44%), or severe (LVEF <30%) according to current guidelines. Among the 60 HF patients, 19 (31.7%) had mild systolic dysfunction, 21 (35.0%) moderate, and 20 (33.3%) severe dysfunction.

Biochemical analysis
Venous blood samples were collected from all participants after an overnight fast. Serum was separated by centrifugation and stored at −80°C until analysis. Serum levels of NT‑proBNP (catalogue E1239Hu) and copeptin (catalogue E1129Hu) were quantified using commercially available sandwich enzyme‑linked immunosorbent assay (ELISA) kits (Bioassay Technology Laboratory, Shanghai, China) according to the manufacturer’s instructions. The assays had intra‑assay and inter‑assay coefficients of variation below 10% as reported by the manufacturer. Serum total cholesterol, triglycerides (TG), and high‑density lipoprotein cholesterol (HDL‑C) were measured immediately using a fully automated Fujifilm NX700 analyser (Japan) employing a dry chemistry technique. Low‑density lipoprotein cholesterol (LDL‑C) and very low‑density lipoprotein cholesterol (VLDL‑C) were calculated using Friedewald’s formulae: LDL‑C = total cholesterol – HDL‑C – (TG/5) and VLDL‑C = TG/5, with all values expressed in mg/dL.

Statistical analysis
All statistical analyses were performed using SPSS software version 26 (IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviation (SD) and categorical variables as frequencies and percentages. Comparisons between the HF and control groups were made using an unpaired Student’s t‑test for continuous variables and the chi‑squared (χ²) test for categorical variables. Since multiple comparisons were performed, a p‑value <0.01 was considered statistically significant to partially adjust for Type I error, though we acknowledge that no formal correction (e.g., Bonferroni) was applied.
Diagnostic performance of NT‑proBNP and copeptin was evaluated using receiver operating characteristic (ROC) curve analysis. The area under the curve (AUC), sensitivity, specificity, and optimal cut‑off values (determined by Youden’s index) were derived with 95% confidence intervals (CIs). Pearson’s correlation coefficient (r) was used to assess relationships between biomarker levels and clinical parameters. Binary logistic regression (enter method) was performed to identify independent predictors of HF diagnosis, while ordinal logistic regression (proportional odds model) was used to evaluate predictors of systolic dysfunction severity. The proportional odds assumption was checked using the test of parallel lines. The sample size was determined by convenience based on the number of eligible patients presenting during the study period; a post‑hoc power calculation indicated that with 60 patients per group, the study had 80% power to detect an AUC difference of 0.15 at α=0.05.

Results
Baseline characteristics
Table 1 summarises the baseline demographic, clinical, and biochemical data for the 60 HF patients and 60 healthy controls. No significant differences were observed between the two groups in age (p=0.112), gender distribution (p=0.221), or body mass index (BMI; p=0.09). As expected, ejection fraction was significantly lower in the HF group (36.7 ± 7.8% vs. 79.1 ± 4.7%; p=0.001). HF patients exhibited a lipid profile characterised by significantly higher total cholesterol, triglycerides, and HDL‑C compared with controls (all p<0.001). After recalculation using Friedewald’s formula, VLDL and LDL were also significantly higher in HF patients than in controls (both p<0.0001). Of particular note, serum levels of both NT‑proBNP (7.30 ± 2.89 ng/mL vs. 4.41 ± 1.03 ng/mL; p<0.0001) and copeptin (3.27 ± 1.72 ng/L vs. 1.67 ± 0.83 ng/L; p<0.001) were markedly elevated in HF patients compared with healthy controls.




Table 1: Combined Demographic, Clinical, and Biomarker Characteristics of HF Patients and Control Subjects
	Variable
	HF Patients (n=60)
	Controls (n=60)
	P-value

	Demographic Characteristics
	
	
	

	Age (years), Mean ± SD
	66.9 ± 10.3
	61.1 ± 9.00
	0.112

	Gender, n (%)
	
	
	0.221

	Male
	38 (61.3%)
	23 (38.3%)
	

	Female
	22 (36.7%)
	37 (61.7%)
	

	BMI (kg/m²), Mean ± SD
	29.7 ± 4.53
	27.8 ± 6.8
	0.09

	Ejection Fraction (%), Mean ± SD
	36.7 ± 7.8
	79.1 ± 4.7
	0.001

	Systolic Dysfunction Severity
	
	
	

	Mild (LVEF 45–54%)
	19 (31.7%)
	N/A
	

	Moderate (LVEF 30–44%)
	21 (35.0%)
	N/A
	

	Severe (LVEF <30%)
	20 (33.3%)
	N/A
	

	Lipid Profile (mg/dl)
	
	
	

	Cholesterol, Mean ± SD
	145.8 ± 41.6
	89.5 ± 3.9
	<0.0001

	Triglyceride, Mean ± SD
	51.1 ± 13.6
	20.9 ± 3.9
	<0.0001

	High-Density Lipoprotein, Mean ± SD
	33.3 ± 9.12
	24.8 ± 3.3
	<0.001

	Very-Low-Density Lipoprotein, Mean ± SD
	10.2 ± 2.7
	4.2 ± 0.8
	<0.0001

	Low-Density Lipoprotein, Mean ± SD
	102.3 ± 28.9
	60.5 ± 7.6
	<0.0001

	Biomarkers
	
	
	

	NT-proBNP (ng/ml), Mean ± SD
	7.30 ± 2.89
	4.41 ± 1.03
	<0.0001

	Copeptin (ng/L), Mean ± SD
	3.27 ± 1.72
	1.67 ± 0.83
	<0.001


Categorical variables presented as frequencies and percentages. Independent t-test for continuous variables; χ² test for categorical variables


Diagnostic performance of NT‑proBNP and copeptin
ROC curve analysis was performed to evaluate the ability of each biomarker to discriminate HF patients from healthy controls (Table 2, Figure 1). Both biomarkers demonstrated good discriminatory power. NT‑proBNP achieved an AUC of 0.87 (95% CI: 0.80–0.90; p<0.0001). Using an optimal cut‑off value of >5.99 ng/mL, NT‑proBNP showed a sensitivity of 64.0% and a specificity of 99.0%, with an overall diagnostic accuracy of 77.8%. Copeptin yielded an AUC of 0.84 (95% CI: 0.80–0.90; p<0.001). At a cut‑off of >2.1 ng/L, copeptin demonstrated a higher sensitivity (81.9%) but lower specificity (74.0%) and an accuracy of 77.9%. The high specificity of NT‑proBNP indicates a strong “rule‑in” capability, whereas the higher sensitivity of copeptin suggests better performance as a “rule‑out” or screening test.


Table 2: Receiver Operating Characteristic Curve Analysis for Diagnostic Performance of Biomarkers in HF
	Biomarker
	AUC
	95% CI
	Optimal Cutoff
	Sensitivity (%)
	Specificity (%)
	Accuracy (%)
	P-value

	NT-proBNP
	0.87
	0.80–0.90
	>5.99 ng/ml
	64
	99
	77.8
	<0.0001

	Copeptin
	0.84
	0.80–0.90
	>2.1 ng/L
	81.9
	74
	77.9
	<0.001


AUC = area under the curve; CI = confidence interval. Optimal cutoff determined by Youden’s index
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Figure 1: ROC Curves for NT-proBNP and Copeptin


Biomarker levels across the severity of systolic dysfunction
We next compared NT‑proBNP and copeptin concentrations across the three severity categories of systolic dysfunction (mild, moderate, severe) (Table 3, Figure 2). One‑way analysis of variance (ANOVA) with Tukey’s post‑hoc test revealed significant differences among the groups for both biomarkers. NT‑proBNP levels increased progressively with worsening dysfunction (mild: 0.56 ± 0.09 ng/mL; moderate: 0.65 ± 0.29 ng/mL; severe: 0.82 ± 0.38 ng/mL; overall p<0.001). Post‑hoc comparisons showed significant differences between mild and severe groups (p<0.05) but not between mild and moderate or moderate and severe. Copeptin levels also differed significantly across severity groups (mild: 2.61 ± 1.07 ng/L; moderate: 2.99 ± 1.06 ng/L; severe: 4.32 ± 2.20 ng/L; overall p<0.005), with a similar pattern of significance.


Table 3: Comparative Analysis of Biomarker Concentrations Across Severity of Systolic Dysfunction
	Biomarker
	Mild (n=19)
	Moderate (n=21)
	Severe (n=20)
	P-value

	NT-proBNP (ng/ml)
	0.56 ± 0.09^A^
	0.65 ± 0.29^A,B^
	0.82 ± 0.38^B^
	<0.001

	Copeptin (ng/L)
	2.61 ± 1.07^A^
	2.99 ± 1.06^A,B^
	4.32 ± 2.20^B^
	<0.005


*One-way ANOVA with Tukey’s post-hoc test. Different superscript letters (A, B) indicate statistically significant differences between groups (p<0.05). Same letters indicate no significant difference.*
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Figure 2: Bar Chart of Biomarker Levels by Systolic Dysfunction Severity.


Independent predictors of heart failure diagnosis
Binary logistic regression analysis was performed to determine whether NT‑proBNP and copeptin independently predicted HF diagnosis after accounting for each other (Table 4). Both biomarkers emerged as significant independent predictors. NT‑proBNP showed a strong predictive capacity (odds ratio [OR] 3.23, 95% CI: 1.38–4.55, p=0.007), indicating that each unit increase in NT‑proBNP was associated with more than a three‑fold increase in the likelihood of HF. Similarly, copeptin was a significant independent predictor (OR 2.33, 95% CI: 1.78–3.43, p=0.001). These findings suggest that the two biomarkers provide non‑overlapping information and may complement each other in diagnostic algorithms.


Table 4: Binary Logistic Regression Analysis for Predicting Heart Failure
	Variable
	B
	SE
	Odds Ratio (OR)
	95% CI for OR
	P-value

	NT-proBNP
	1.073
	0.43
	3.23
	1.38 – 4.55
	0.007

	Copeptin
	1.263
	0.45
	2.33
	1.78 – 3.43
	0.001


SE = standard error; CI = confidence interval. Dependent variable: presence of heart failure (yes/no). Both biomarkers entered simultaneously


Independent predictors of systolic dysfunction severity
To examine whether the biomarkers could predict the degree of cardiac impairment, ordinal logistic regression analysis was performed with systolic dysfunction severity (mild, moderate, severe) as the ordinal outcome (Table 5). The results revealed a divergent pattern. NT‑proBNP maintained a statistically significant association with severity (OR 2.12, 95% CI: 1.39–3.22, p=0.001). In contrast, copeptin did not show a significant relationship with severity (OR 0.99, 95% CI: 0.61–1.62, p=0.87). This indicates that while both markers are useful for distinguishing HF from health, only NT‑proBNP captures incremental information about the degree of systolic impairment. The proportional odds assumption was not violated (p>0.05).


Table 5: Ordinal Logistic Regression Analysis for Predicting Systolic Dysfunction Severity
	Variable
	B
	SE
	Odds Ratio (OR)
	95% CI for OR
	P-value

	NT-proBNP
	0.75
	0.214
	2.12
	1.39 – 3.22
	0.001

	Copeptin
	0.007
	0.249
	0.99
	0.61 – 1.62
	0.87


*SE = standard error; CI = confidence interval. Dependent variable: severity of systolic dysfunction (mild, moderate, severe as ordinal categories). Proportional odds assumption met (p>0.05).*


Discussion
This study confirms the significant roles of NT‑proBNP and copeptin in the pathophysiology of HF in a cohort from Babylon Governorate, Iraq. Our results indicate that patients with HF exhibit markedly higher levels of these biomarkers compared with healthy controls. Lipid profiling showed significantly higher total cholesterol, triglycerides, and HDL‑C in HF patients than in controls, with recalculated VLDL and LDL also higher in the HF group. However, the control group’s lipid values were unexpectedly low, particularly HDL‑C (24.8 mg/dL); this may be due to a laboratory calibration issue or a specific dietary pattern in the local healthy population, and these lipid findings should be interpreted with caution. Both NT‑proBNP and copeptin demonstrated good diagnostic potential, with AUC values of 0.87 and 0.84, respectively. Importantly, binary logistic regression identified both biomarkers as significant independent predictors of HF, supporting their complementary diagnostic relevance. However, ordinal logistic regression examining systolic dysfunction severity revealed that only NT‑proBNP retained a significant association, suggesting that these two markers reflect different dimensions of the HF syndrome.

NT‑proBNP: specificity and severity tracking
The elevated NT‑proBNP levels observed in our HF patients are explained by myocardial wall stress resulting from pressure and volume overload. NT‑proBNP is released from ventricular cardiomyocytes in response to myocardial stretching caused by elevated intra‑cardiac filling pressure and ventricular dysfunction. This mechanism makes natriuretic peptides essential biomarkers reflecting both cardiac dysfunction and haemodynamic stress in HF (15).
At the selected cut‑off value (5.99 ng/mL), NT‑proBNP demonstrated remarkably high specificity (99.0%) and positive predictive value (100%), indicating a strong ability to correctly identify true positive cases and effectively confirm the presence of HF. This high specificity supports its role as a reliable “rule‑in” biomarker in clinical practice. These observations align with previous studies that have consistently reported high specificity of natriuretic peptides, particularly in patients with overt or advanced HF (16, 17). However, the sensitivity of NT‑proBNP was relatively moderate (64.0%), suggesting that some cases may be missed when relying solely on this marker. This limitation has been previously described and may be influenced by factors such as obesity, early‑stage HF, and HF with preserved ejection fraction (HFpEF) (18). Recent investigations further clarify that the diagnostic performance of NT‑proBNP is highly dependent on the chosen threshold and patient demographics (19, 20).

Copeptin: sensitivity to neurohormonal stress
In contrast, copeptin demonstrated higher sensitivity (81.9%) but lower specificity (74.0%), indicating a better ability to detect HF cases at the expense of increased false‑positive results. This pattern reflects the biological nature of copeptin as a marker of systemic stress rather than cardiac‑specific dysfunction (21). Copeptin is a stable surrogate of arginine vasopressin and is released in response to haemodynamic instability, hypoperfusion, and osmotic imbalance — conditions that occur early in the course of HF and in a variety of other acute and chronic conditions (22). Recent comprehensive reviews highlight copeptin’s utility as a reliable diagnostic and prognostic biomarker across cardiovascular diseases, noting its rapid release kinetics that make it particularly valuable for early detection (23). Therefore, while copeptin is highly sensitive, its lack of specificity limits its use as a standalone diagnostic marker.
The difference in diagnostic performance between NT‑proBNP and copeptin highlights their complementary pathophysiological roles. NT‑proBNP primarily reflects myocardial wall stress and ventricular dysfunction, whereas copeptin reflects activation of the vasopressin system as part of the neurohormonal response to circulatory stress. This explains why NT‑proBNP is more effective for confirming HF, while copeptin may be more useful for early detection and screening. Contemporary evidence strongly supports that copeptin rises early in the disease course and provides additional insight into systemic stress that natriuretic peptides may not capture (23).

Complementary value of a multimarker approach
These findings highlight the complementary nature of the two biomarkers. NT‑proBNP appears more suitable for confirming HF due to its high specificity, whereas copeptin may enhance case detection by identifying patients who might otherwise remain undiagnosed. The combination of both biomarkers may therefore improve overall diagnostic performance by integrating cardiac‑specific and systemic stress‑related pathways. This multimarker approach is increasingly advocated in modern cardiovascular medicine. Studies from 2025 emphasise that combining copeptin with NT‑proBNP or high‑sensitivity cardiac troponin enhances risk stratification and prognostic accuracy, particularly in patients with complex presentations or comorbidities such as renal dysfunction (10, 24).
The regression analysis in our study added an important layer beyond simple ROC comparisons by showing that both NT‑proBNP and copeptin were independent predictors of HF in the binary model. This indicates that each biomarker contributes distinct and clinically relevant information, supporting a complementary biomarker model rather than a redundant one. Our findings align with those of Sravani et al., who recently reviewed the prognostic role of copeptin in HF and concluded that combining copeptin with natriuretic peptides improves risk stratification (10). Similarly, Mu et al. comprehensively reviewed copeptin’s diagnostic and prognostic value in cardiovascular diseases, emphasising its rapid release kinetics and complementary role to NT‑proBNP (23).

Divergent association with systolic dysfunction severity
Perhaps the most noteworthy finding of our study is the divergent performance of the two biomarkers in the ordinal logistic regression model assessing systolic dysfunction severity. Only NT‑proBNP remained statistically significant, suggesting a stronger and more direct association with the degree of cardiac impairment. This observation is consistent with previous studies demonstrating that NT‑proBNP correlates closely with ventricular dysfunction and HF severity (25). In contrast, copeptin did not retain significance in the severity model, which may indicate that its role is more related to systemic stress and neurohormonal activation rather than direct cardiac dysfunction. This interpretation is supported by comparative studies showing that copeptin has a limited ability to discriminate between different stages of HF severity (26). Despite its well‑established prognostic value in predicting adverse outcomes, incident cardiovascular events, and mortality in both acute and chronic HF settings (27, 28).

Integration with existing literature and clinical implications
Overall, the combined ROC and regression findings support a complementary biomarker strategy rather than a single‑marker approach. NT‑proBNP appears more suitable for confirming HF and reflecting systolic dysfunction severity, whereas copeptin adds value in identifying patients who might otherwise be missed and in capturing broader neurohormonal stress. The present findings, therefore, extend the literature by integrating diagnostic discrimination and independent predictive assessment within the same cohort, and they align strongly with the contemporary shift towards multimarker interpretation in HF management to achieve more personalised and accurate clinical assessments (29).
From a clinical perspective, our results suggest that in resource‑limited settings where only one biomarker can be measured, NT‑proBNP may be preferable when the clinical question relates to confirming HF and assessing severity. However, when available, measurement of both biomarkers could enhance diagnostic sensitivity and provide a more complete picture of the underlying pathophysiology. This is particularly relevant in settings such as Iraq, where access to advanced cardiac imaging may be limited, and reliable blood‑based biomarkers can fill important diagnostic gaps.

Study limitations and future directions
Several limitations of this study must be acknowledged. First, the case‑control design precludes assessment of the predictive value of these biomarkers for future clinical outcomes such as hospitalisation or mortality. Longitudinal studies are needed to establish prognostic utility. Second, the relatively small sample size (60 patients per group) from a single centre may limit generalisability, and the absence of a separate validation cohort means that our cut‑off values require external validation. Third, we excluded patients with coronary heart disease to avoid confounding from active ischaemia; however, because coronary artery disease is the most common aetiology of HF worldwide, our findings may not fully generalise to the broader HF population. Fourth, all participants were from a single geographic region in Iraq, and it remains unknown whether our findings apply to other populations with different demographic or genetic backgrounds. Fifth, we did not assess renal function, which is known to influence NT‑proBNP levels independently of HF status. Sixth, the lipid profile values in the control group were unexpectedly low; although these differences were statistically significant, their clinical interpretation should be cautious, and they may reflect local dietary or laboratory factors rather than true biological differences. Seventh, we used verbal informed consent rather than written consent, which may not meet the standards of all journals, though it was approved by our local ethics committee. Additionally, the lipid data from the control group were unusually low, raising the possibility of a laboratory measurement error or a selection bias; therefore, no strong conclusions about lipid profiles in HF versus healthy status can be drawn from this study. Finally, we did not adjust for multiple comparisons in all analyses, raising the possibility of Type I error for some of the secondary comparisons.
Future research directions should include a larger, multicentre prospective study with long‑term follow‑up to evaluate the prognostic value of these biomarkers for hard clinical endpoints. Additionally, studies should investigate whether a combined biomarker algorithm can improve clinical decision‑making, for example, by guiding diuretic therapy or predicting response to specific neurohormonal antagonists. Finally, research in Middle Eastern populations remains sparse; further studies from this region are needed to establish region‑specific reference ranges and cut‑off values.

Conclusion
NT‑proBNP and copeptin demonstrated complementary roles in the evaluation of HF. NT‑proBNP showed stronger overall diagnostic and severity‑related performance, with greater specificity and a significant association with systolic dysfunction severity, indicating its close relationship with cardiac impairment. Copeptin, in contrast, showed higher sensitivity and remained an independent predictor of HF in the binary model, suggesting value in case detection and in reflecting broader neurohormonal stress. The combined ROC and regression findings indicate that these biomarkers provide non‑overlapping clinical information and may be more informative when interpreted together rather than in isolation. Accordingly, a multimarker approach incorporating NT‑proBNP and copeptin may improve diagnostic accuracy and enhance clinical assessment in HF.
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